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;‘ Introduction

Copper — water HPs have been used in various cooling
applications including space applications.

Copper — water HPs can be bent into various shapes:
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Do they have enEjugh

flexibility for a particular application?

— This presentation provides a guideline on how to estimate flexibility
of copper — water HPs.

Copper — water HPs can be made to survive freezing.
— Presented results on freeze-thaw cycling of copper — water HPs.
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5‘ Measurement Setup

Calibrated Scale

(Resolution = 0.1 gram)

Calibrated
Height Gage

(Resolution = 0.01 mm)

Heat Pipe
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—s—3mm HP 254mm londg
——3mm HP 127mm long
——4mm HP 127mm long

2.33mm HP 89mm long
——4mm HP 254mm long
—s—4mm hard tubing 305mm long
—s—4mm annealed tubing 254mm long
——4mm hard tubing 254mm long
——3mm annealed tubing 254mm long
——3mm hard tubing 254mm long
——5mm HP

6mm annealed tubing 254mm long
——5mm hard tubing 254mm long

6mm hard tubing 254mm long

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 —*5mm annealed tubing 254mm long

Diplacement, mm
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é‘ FEA Modeling

« Solid Works Simulation package
— Solid Works 2015 Premium x64 edition (SP 1.1)

« Boundary conditions:

i Load applied Fixed

Study name Static 1 [-Default-]

Mesh type Solid Mesh

Mesher zed Curvature based mesh
¢ M eS h Jacobian points 4 pointks

tax Element Size 0.0033438 in

tir Element Size 0.0043438 in

Meszh quality High

Total nodes 2080642

Total elements 1237467

bl aRirum Azpect B atio h.3611

F'n.an:entage of ellements 99,8

with &zpect Ratio < 3

Percentage of elements 0

with &zpect Ratio » 10

% of diztorted elements 0
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5- FEA Typical Results (6mm Case)

Stress wan Mises [M/m~2) ESTRN
l 1,254e+009 - -
1,149+ 009

= 43.7 l a.161e-003
- 1.045e+009 l o | -

_ 9405+ 008 164
Displacement e . . B.677e-003
— 5 . 7.315e+008 501 _ 5.935e-003
_ B2T0e+ 005 255 _ 518de-003
. 5.225e+008 s 44526003
_ 41800+ 003 13,2 _ 3.710e-003
Strain o delldseeuus - 146 | 2.983e-003

—p

. 10,9
i i _ 2226e-003

1.045e+ 003 T3
1.484e-003

4,693 e-009 3.6
741 9e-004

— Vield strengthe 2,58 6e+ 008 Q.0
3.757e-020
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é‘ 3mm Results

250 Outside diameter =3 mm (0.118 inches) »
240 Length = 254 mm (10 inches) =
230 Wall thickness = 0.3048 mm (0.012 inches)

Load, grams
|—|
w
o

¢ 3mm HP

A 3mm annealed tubing
® 3mm hard tubing

4 3mm FEA

—3mm analytical

10 A A A A

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
Displacement, mm
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5‘ Amm Results

>80 Outside diameter = 4 mm (0.157 inches)
540 Length = 254 mm (10 inches)
520  Wall thickness = 0.3048 mm (0.012 inches)

*

Load, grams
W
=]
=]

® 4mm HP

4 4mm annealed tubing
B 4mm hard tubing

4+ 4mm FEA

——4mm analytical

0 5 10 15 20 25 30 35 40 45 50 55 60
Diplacement, mm
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é‘ 5mm Results

1200

1150  Qutside diameter =5 mm (0.197 inches)
1100 Length = 254 mm (10 inches)

1050 Wall thickness = 0.3048 mm (0.012 inches)
1000

Load, grams

® 5mm HP

B 5mm hard tubing

4 5mm annealed tubing
+ 5mm FEA

——5mm analytical

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Displacement, mm
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é‘ 6mm Results

2200
2100  Outside diameter = 6 mm (0.236 inches)
2000 Length = 254 mm (10 inches)

1000 Yvall thickness = 0.3048 mm (0.012 inches)

Ao 6mm annealed tubing
® 6mm hard tubing
+ 6mm FEA

—6mm analytical

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Displacement, mm
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!é‘ Conclusions on Flexibility Investigation

« Annealed copper tubing and HPs have very small elastic region.

» Plastic deformation observed when end displacement exceeds 1%
of the HP length.

« Simple analytical formula (slide 3) can be used for prediction of the
end displacements when they are small (< 1% of the HP length).

 FEA results are in good agreement with analytical calculations.
«  Maximum HP flexibility can be approximated as annealed tubing.

 Work hardening has not been investigated in this study.

e,
4 THERMACORE  rraws 2015 - august 3.7, 2015 - Siiver Spring, MD ;

Thermal Management Solutions



J Y Freeze-Thaw Tolerance of HPs

* Freeze-thaw tolerance of HPs depends on the wick
flexibility, proper fluid charge and HP length.

Wick Wall Wick

Wall Vapor Space

l

Non-bulged HP Bulged HP Excess Liquid
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Jé‘ The Longest Heat Pipe Freeze/Thaw Test

» Copper/Water Heat Pipes
— U-shaped
— Bent and Flattened
— Sintered Powder Metal Wick
— 1650 Thermal Freeze/ Thaw Cycles
— -40°Cto +100°C
— 5 Minute Cycle Time

THERMOTRON

Freeze/Thaw Thermal Cycling Temperature Profile
120.0 I
100.0 - - :
80.0 —/74 Amb_In
& 600 / —— Amb_Mid
@ 40.0
5 \ e Amb_Out
£ 200 5
2 oo T ——TC4_HP_013
£ e ——TC5_HP_019
& -200 NS _HP_
-40.0 ~ ——— — TC6_HP_018
60.0 TC7_HP_024
NNNNNNNNNNNNNNNNN - -
R R I T I R BT R BT B IR B I B I
mmmmmmmmmmmmmmm TC8_HP_C
s s B s B e B B B B B s B B B S RS B S
mmmmmmmmmmmmmmmmm
Time (h:mm:ss)

M.
ﬁ/l THERMACORE TFAWS 2015 — August 3-7, 2015 — Silver Spring, MD 14

Thermal Management Solutions



!é‘ A More Typical Freeze/Thaw Test

« Typical freeze/thaw test
— Acceptance Test ~ 25 cycles
— Quialification Test ~ 100 cycles

« Thermal Chamber runs almost non-stop
— 3.4 freezel/thaw tests per week

— Common settings
» 10 cycles, 25 cycles, 100 cycles
« -15Cto +25C, -40C to +90C

Acceptance Test
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Freeze-Thaw Cycling of Copper — Water HPs

—_— Y

Can be made freeze-thaw tolerant

* Proper wick sintering
» Proper fluid charge

« Static lift height must exceed the vertical HP length in 1G
environment

Thermacore performs an acceptance test on every flight
unit.

Dimensional inspection and thermal performance testing
conducted before and after freeze-thaw cycling.
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